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Introduction 


The  recent  success  of  U.S.  forces  in  Operation 
Desert  Storm  has  reinforced  Army  doctrine  of  airland 
battle  and  night  operations.  Both  tactical  and  support 
maneuvers  frequently  occur  at  night  or  under  conditions 
of  limited  visibility.  Hence,  we  depend  critically  on 
image  intensifying  devices  to  allow  us  to  perform  under 
extreme  and  limited  conditions.  Despite  substantial 
intensification  of  the  image,  these  devices  present  an 
isochromatic  view  of  the  world  often  lacking  in  contrast 
and  detail  (Wiley,  Glick,  and  Holly,  1983)  .  It  is 
incumbent  upon  us  to  define  the  limitations  on  vision 
with  image  intensifying  devices  so  that  performance  can 
be  anticipated  and  predicted  \inder  various  conditions. 

Spatial  aspects  of  vision  through  image  intensifying 
devices  have  been  quantified  in  several  studies  in  terms 
of  threshold  measurements  such  as  visual  acuity  and 
contrast  sensitivity  (Wiley  and  Holly,  1976;  Wiley,  1989; 
Levine  and  Rash,  1989;  Riegler  et  al.,  1991;  Kotulak  and 
Rash,  1992) .  Less  is  known,  however,  about  visual 
perception  at  suprathreshold  levels  of  stimulation.  Such 
information  would  be  useful  to  better  understand  how 
objects  are  detected  and  recognized  at  intensities  and 
contrasts  expected  in  operational  environments. 

In  this  study  we  explored  suprathreshold  contrast 
perception  under  conditions  which  simulated  the 
lumineuice,  contrast,  and  chromatid ty  of  third-generation 
image  intensifiers  (as  in  the  Aviator's  Night  Vision 
Imaging  System  or  ANVIS) .  This  was  done  by  having 
subjects  adjust  the  contrast  of  letters  presented  at 
everyday  (photopic)  light  levels  to  appear  equal  in 
visibility  to  letters  presented  under  simulated  ANVIS 
conditions.  The  apparent  contrast  of  letters  seen 
through  simulated  ANVIS  was  reduced  by  a  factor  of  two  in 
comparison  to  normal  photopic  levels  of  presentation. 
Further  analysis  and  consideration  of  previous  studies 
suggested  that  this  reduction  in  apparent  contrast  was 
limited  to  higher  spatial  frequencies  (^5  cycles /degree) . 
These  results  help  quantify  limitations  imposed  by  the 
human  visual  system  when  confronted  by  the  low  Iximinance 
and  limited  contrast  of  the  ANVIS  display. 


3 


Methods 


Subjects 

Seven  adult  volunteers  (age  22  to  40;  mean  =  31 
years)  with  normal  vision  emd  visual  acuity  corrected  to 
20/20  participated  in  this  study.  Six  of  seven  subjects 
were  emmetropic;  one  subject  wore  glasses  during  testing. 
Subjects  viewed  the  display  through  a  3  mm  artificial 
pupil  and  each  was  corrected  for  the  viewing  disteuice 
during  testing  (80  cm;  +1.25D).  Six  of  the  seven 
subjects  participated  in  the  main  experiment,  and  three 
of  the  subjects  participated  in  control  experiments. 

Apparatus 

Letter  stimuli  were  generated  on  a  high  resolution 
color  monitor.  Temporal  presentation,  contrast,  and 
chromaticity  were  \inder  computer  control.  Screen 
lumineuice  was  measured  with  a  calibrated  photometer  and 
stored  in  tedjular  form.  Figure  1  shows  the  display  used 
for  the  contrast  matching  experiment.  The  column  of 
"E's"  on  the  left  pemel  simulated  the  isochromatic,  green 
display  of  ANVIS.  The  lumineince  of  this  display  was  0.6 
fL  which  is  midway  in  the  range  of  ANVIS  display 
luminauices.  Letters  appeared  as  increments  relative  to 
the  background  with  a  fixed  Michelson  contrast  of  11.3%. 
This  contrast  was  used  since  it  represents  a  moderate 
contrast  above  threshold  likely  to  be  encountered  in  a 
field  environment.  Only  the  green  gun  (phosphor)  of  the 
color  monitor  was  used  for  this  display  to  simulate  the 
isochromatic,  green  ANVIS  field.  The  column  of  "E's"  on 
the  right  panel  was  presented  at  a  higher  background 
lumineuice  (30  fL)  which  approximated  normal  pho topic 
viewing  conditions  (Price  euid  McLeem,  1985)  .  This 
display  was  generated  by  modulating  the  red,  green  and 
blue  gxins  by  equal  amounts  and  therefore  appeared 
achromatic  (varied  along  a  black-white  dimension) .  The 
letters  on  the  right  display  also  appeared  as  increments 
relative  to  the  background,  but  could  be  varied  up  euid 
down  in  contrast  by  keyboard  control.  Each  letter  pair 
differed  by  a  factor  of  two  in  size  corresponding  to 
Snellen  letter  sizes  of  20/600,  20/300,  20/150,  and 
20/75,  cuid  dominant  spatial  frequencies  of  1,  2,  4,  cuid  8 
cycles /degree . 
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f1x«d  conVast ; 
simulated  ANVIS 


variable  contrast 
matchin9  display 


Figure  1 


.  Contrast  matching  display  used  in  the 

present  experiment.  The  letters  on  the  left 
were  presented  at  a  low  luminance  and  fixed 
contrast  to  simulate  the  ANVIS  display.  The 
letters  on  the  right  were  presented  at  a  higher 
luminance  corresponding  to  normal  photopic 
conditions  and  were  adjusted  in  contrast  to 
match  the  letters  on  the  left. 


Experimental  design  and  procedures 


In  this  study  each  subject  adjusted  the  contrast  of 
letters  in  the  normal  photopic  display  to  match  the 
apparent  contrast  of  letters  in  the  simulated  ANVIS 
display.  The  subject  was  seated  comfortably  in  a 
darkened  room  80  cm  from  the  display  which  was  viewed 
monocularly  through  a  3  mm  pupil.  Subjects  were 
instructed  to  adjust  the  contrast  of  each  letter  on  the 
right  such  that  it  appeared  equally  clear  and  equally 
different  from  its  background  as  the  corresponding  letter 
on  the  left.  Two  keys  (1  and  2)  on  a  keyboard  directly 
in  front  of  the  subject  allowed  them  to  increase  or 
decrease  right  peuiel  letter  contrast  in  steps  of 
approximately  3%.  They  were  told  to  begin  with  the 
uppermost  (largest)  letter  pair  and  to  then  continue 
downward  matching  each  pair  successively.  This  was 
repeated  three  times  by  each  subject.  The  first  run  of 
four  matches  was  regarded  as  practice,  and  the  mean  of 
the  last  two  settings  was  computed  as  the  siibject's  match 
for  each  of  the  four  letter  sizes.  Within  subject 
vari2Uoility  between  settings  was  low  (mean  within-siabject 
difference  between  settings  =  0.4  ±  0.6  steps;  mean 
variability  in  contrast  =  1%) .  Because  stimulus  contrast 
was  linearly  related  to  keyboard  values  selected  by  the 
subject  to  achieve  each  match,  subsequent  computation  of 
group  mean  data  which  revealed  values  between  keyboard 
steps  were  converted  to  contrast  values  from  the  relation 
shown  in  Figure  2 . 
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0  1  2  3  4  5  6 
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Figure  2.  The  linear  relation  between  stimulus  contrast 
and  keyboard  settings. 
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Results 


Direct  contrast  matching 

The  main  results  of  this  study  are  shown  in  Figure 
3.  The  mean  contrast  (±2SD;  n=6  subjects)  of  letters  on 
the  normal  photopic  display  which  matched  the  apparent 
contrast  of  corresponding  letters  on  the  simulated  ANVIS 
display  is  shown  for  a  range  of  letter  sizes.  Log 
spatial  frequency  corresponding  to  the  limb  of  each 
letter  is  depicted  on  the  bottom,  and  Snellen  letter 
sizes  are  shown  at  the  top.  The  actual  stimulus  contrast 
of  the  ANVIS  display,  which  was  held  constant  throughout 
the  experiment  at  11.3%,  is  indicated  by  the  broken 
horizontal  line.  Thus,  Figure  3  shows  that  the  apparent 
contrast  of  letters  perceived  under  simulated  ANVIS 
conditions  is  approximately  2X  less  than  the  actual 
letter  contrast.  That  is,  letters  seen  under  simulated 
ANVIS  conditions  appear  to  have  2X  less  contrast  than 
letters  viewed  under  nonnal  photopic  conditions. 


Log  apparent 
contrast 


20A600  20/300  20/150  20/75 


Figure  3.  Direct  contrast  matching  results.  The  mean 

(±2SD)  log  contrast  of  each  variable  contrast 
letter  which  matched  the  apparent  contrast  of 
the  corresponding  ANVIS  letter  is  shown  for  the 
range  of  letter  sizes.  The  dimension  of  each 
letter  limb  is  indicated  by  log  spatial 
frequency  and  corresponding  Snellen  letter 
sizes  are  shown  at  the  top.  The  contrast  of 
the  ANVIS  letters  (11.3%)  is  indicated  by  the 
broken  horizontal  line.  The  apparent  contrast 
of  ANVIS  letters  was  about  2X  less  than  the 
actual  contrast  over  a  range  of  letter  sizes. 


7 


It  should  be  noted  that  the  error  bars  in  Figure  3 
represent  two  standard  deviations  and  thus  include  95%  of 
aata  points  from  the  six  subjects  tested.  Statistical 
comparison  of  each  mean  apparent  contrast  to  the  actual 
letter  contrast  revealed  a  highly  significant  difference 
(mean  t=l0.0;  p<0.001)  thus  corroborating  the  reduction 
in  contrast  perception  under  simulated  ANVIS  conditions. 

A  one-way  ANOVA  was  performed  to  explore  the  difference 
between  mean  contrasts  across  the  different  letter  sizes. 
While  this  revealed  a  marginally  significant  difference 
(F=4.2;  p<0.05),  further  analysis  with  a  series  of  paired 
t-tests  indicated  that  this  difference  between  letter 
sizes  was  limited  to  the  largest  letter  tested  (i.e., 
lowest  spatial  frequency).  Thus,  as  is  evident  in  Figure 
3,  the  mean  apparent  contrasts  of  20/75  to  20/300  letters 
were  not  significantly  different  (F=0.04;  p>0.95) 
indicating  that  the  reduction  in  contrast  perception  is 
relatively  constant  across  letter  size. 

The  luminance  of  the  simulated  ANVIS  display  was 
about  SOX  less  than  the  luminance  of  the  photoplc 
matching  display.  Thus,  it  could  be  argued  that  the 
reduction  in  apparent  contrast  under  ANViS  starlight 
conditions  was  caused  by  optical  degradation  of  the 
retinal  image  due  to  Increased  pupillary  size  and/or 
inaccurate  accommodation.  However,  all  subjects  were 
tested  with  a  fixed  pupil  size  (3  mm)  and  accommodation 
was  neutralized  by  optically  correcting  for  the  viewing 
distance.  Therefore,  the  reduction  in  contrast 
perception  under  ANVIS  starlight  conditions  cannot  be 
attributed  to  optical  factors. 

It  is  also  possible  that  glare  from  the  higher 
luminance  display  reduced  the  contrast  of  the  ANVIS 
display,  or  that  the  adaptational  demand  of  switching 
back  and  forth  between  the  two  different  luminances 
affected  contrast  sensitivity.  To  explore  these 
possibilities,  two  additional  approaches  were  utilized  to 
evaluate  suprathreshold  contrast  perception:  interocular 
and  successive  contrast  matching. 

Interocular  contrast  matching 

The  matching  experiment  was  repeated  on  three 
subjects,  but  in  this  case  the  right  and  left  displays 
(see  Figure  l)  were  presented  separately  to  the  subject's 
right  and  left  eyes.  Hence  the  task  involved  matching 
the  apparent  contrast  of  ANVIS  letters  seen  by  the  left 
eye  by  adjusting  the  contrast  of  the  higher  luminance 
letters  seen  by  the  right  eye.  The  left  and  right 
displays  were  presented  separately  to  each  eye  by 
attaching  light-weight  tubing  to  a  trial  frame  which 
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restricted  the  monocular  fields  of  view  to  each  half  of 
the  monitor  screen.  As  in  the  main  experiment,  3  mm 
artificial  pupils  and  optical  correction  for  the  viewing 
distance  were  also  used.  Figure  4  shows  mean  results 
from  three  subjects  plotted  as  specified  for  Figure  3. 
Although  variability  was  greater  in  this  smaller  number 
of  subjects,  the  same  basic  result  was  obtained.  The 
apparent  contrast  of  letters  seen  under  simulated  ANVIS 
starlight  conditions  was  about  2X  less  than  under  typical 
photopic  conditions.  Because  the  right  (high  luminance) 
and  left  (low  luminance  ANVIS)  displays  were  presented 
separately  to  each  eye,  local  effects  of  glare  and 
changes  in  retinal  adaptation  did  not  influence  the 
results . 


1.2 


0.9 
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contrast 
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Figure  4.  interocular  contrast  matching  results.  The 
mean  (±2SD)  log  contrast  of  each  variable  contrast  letter 
which  matched  the  apparent  contrast  of  the  corresponding 
ANVIS  letter  is  shown  for  the  range  of  letter  sizes. 

Ma'  ches  were  made  interocularly  with  the  variable  display 
visible  to  the  right  eye,  and  the  ANVIS  display  visible 
to  the  left  eye.  Lecter  size  and  contrast  are  as 
specified  in  Figure  3. 


9 


Successive  contrast  matching 


A  final  approach  was  used  to  further  explore 
contrast  perception  under  the  simulated  ANVIS  conditions. 
In  this  experiment  letters  under  the  low  Ixaminance  ANVis 
and  higher  luminance  conditions  were  presented 
successively  rather  than  simultaneously.  Each  cycle  of 
presentation  began  with  a  uniform,  green  field  at  the 
ANVIS  luminance  which  lasted  for  a  period  of  20  seconds. 

A  single  letter  E  at  the  ANVIS  luminance  and  contrast 
then  appeared  centered  in  the  screen  for  a  period  of  5 
seconds.  This  test  letter  was  then  replaced  by  a  row  of 
four  E's  of  different  contrasts  at  the  higher  photopic 
luminance  used  earlier.  This  matching  display  remained 
on  for  5  seconds,  and  the  subject's  task  was  to  select 
one  of  the  four  letter  E's  (ntambered  1-4)  which  best 
matched  the  preceding,  single  ANVIS  letter  in  terms  of 
clarity  and  contrast.  The  next  trial  (20  s  of  uniform 
field,  5  s  ANVIS  test  letter,  5  s  matching  display)  then 
began.  Letter  size  and  the  order  of  contrasts  in  the 
matching  display  were  varied  from  trial  to  trial. 
Measurements  were  repeated  three  times  with  each  of  the 
four  letter  sizes.  Three  subjects  were  tested.  Figure  5 
shows  mean  apparent  contrast  plotted  against  a  range  of 
letter  sizes  as  in  Figures  3  and  4.  The  same  essential 
result  ensued  wherein  the  apparent  contrast  of  letters 
under  simulated  ANVIS  starlight  conditions  was  about  2X 
less  than  xuider  normal  photopic  conditions.  The  fact  that 
the  reduction  in  apparent  contrast  was  found  with  two 
different  methods  of  measurement  (simultaneous  and 
successive  matching)  underscores  the  validity  of  this 
finding. 
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Figure  5.  Successive  contrast  matching  results.  The  mean 
(i2SD)  log  contrast  of  each  variable  contrast 
letter  which  matched  the  apparent  contrast  of 
the  corresponding  ANVIS  letter  is  shown  for  the 
range  of  letter  sizes.  Successive  matching  was 
used  to  make  each  contrast  match.  Letter  size 
and  contrast  are  as  specified  in  Figure  3. 
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Prediction  of  apparent  contrast  through  ANVIS 

Kulikowski  (1976)  derived  a  simple  relation  to 
quantify  the  apparent  contrast  (Ca)  of  a  stimulus  in 
terms  of  its  physical  contrast  (C)  and  threshold  contrast 
(T): 


Ca  =  C  -  T 

He  went  on  to  show  that  this  relation  can  explain  a 
number  of  suprathreshold  conditions  including  differences 
in  apparent  contrast  across  luminance  levels.  In 
general,  this  relation  suggests  that  threshold  plays  an 
Important  role  in  contrast  perception  at  low  contrasts 
( i . e . ,  near  threshold ) ,  but  a  less  relevant  role  at 
higher,  suprathreshold  levels  of  stimulation.  Thus,  when 
physical  contrast  (C)  becomes  large  relative  to  threshold 
(T),  apparent  contrast  (Ca)  approaches  the  physical 
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contrast  value.  Yet,  if  physical  contrast  is  close  to 
the  observer's  threshold,  then  apparent  contrast  can  be 
substantially  less  than  the  physical  value  (particularly 
when  considered  on  a  ratio  or  logarithmic  scale).  To 
determine  whether  this  relation  can  explain  the  present 
results  obtained  with  letters,  recognition  thresholds  for 
each  of  the  four  letter  sizes  were  determined  for  one 
subject  using  the  method  of  adjustment.  These  values 
were  then  used  in  the  equation  shown  above  (Ca  =  C  -  T) 
to  predict  the  photopic  contrast  which  would  match  the 
fixed  ANVIS  contrast  (11.3%).  Table  l  shows  the 
predicted  contrasts  and  actual  contrasts  of  the  higher 
luminance  letters  which  matched  the  fixed  contrast  ANVIS 
letters.  In  all  cases  the  predicted  matching  contrast  is 
higher  than  the  actual  values.  This  indicates  that  the 
equation  described  above  (Ca  =  C  -  T)  overestimates  the 
perceived  contrast  of  ANVIS  letters.  Perhaps  the  low 
luminance  and  isochromatic  nature  of  the  ANVIS  display 
impose  constraints  on  contrast  perception  which  are  not 
manifest  in  Kullkowskl's  equation.  It  is  also  possible 
that  the  spatial  frequency  channels  involved  in 
recognition  and  matching  of  letters  are  different  for  the 
photopic  and  simulated  ANVIS  light  levels.  Then  the  task 
could  have  involved  matching  across  both  luminance  and 
spatial  frequency  mechanisms  making  it  less  amenable  to 
models  based  on  spatially  simple  stimuli  such  as 
sinusoidal  gratings. 


Table  1. 

Predicted  and  actual  contrasts  to  match  ANVIS  display. 


Snellen  letter 
size 

Predicted  matching 
contrast  (%) 

Actual  matching 
contrast  (%) 

20/600 

10.9 

7.4 

20/300 

10.8 

5.3 

20/150 

9.3 

S.4 

20/75 

7.4 

5.2  1 
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Discussion 


This  study  demonstrated  that  the  apparent  contrast 
of  letters  seen  under  simulated  ANVIS  conditions  Is 
reduced  by  a  factor  of  two  when  compared  to  letters 
viewed  luider  normal  photoplc  conditions.  This  reduction 
In  visibility  was  not  limited  to  a  single  stimulus,  but 
was  found  for  a  range  of  letter  sizes.  Because 
accommodation  and  pupil  size  were  controlled  throughout 
the  study,  differences  In  contrast  perception  could  not 
be  attributed  to  preneural  optical  factors.  The  fact 
that  similar  results  were  obtained  with  several  different 
methods  of  measurement  (monocular  and  Interocular 
simultaneous  matching;  successive  matching)  indicated  the 
validity  of  our  finding.  The  reduction  in  letter 
visibility  under  simulated  ANVIS  starlight  conditions  is 
apparently  neural  in  origin. 

The  primary  difference  between  the  simulated  ANVIS 
and  photoplc  displays  used  in  the  present  study  was  the 
difference  in  luminance  (the  photoplc  display  was  about 
SOX  more  Intense  than  the  ANVIS  display).  Hence,  the 
difference  in  apparent  contrast  of  letters  seen  under  the 
two  conditions  is  probably  related  to  this  luminance 
difference.  Kulikowski  (1976)  and  Hess  (1990)  have  also 
reported  a  reduction  in  suprathreshold  contrast 
perception  at  lower  levels  of  luminance.  In  these 
studies  sinusoidal  gratings  were  used  which  are  less 
complex  than  letters  in  terms  of  their  spatial  frequency 
content.  Both  studies  reported  findings  comparable  to  our 
results  for  spatial  frequencies  i5  cycles/degree  (see 
Figure  lb  in  Kulikowski,  1976;  Fig.  9c  in  Hess,  1990). 
However,  at  lower  spatial  frequencies  Hess  (1990)  found 
little  attenuation  of  apparent  contrast  at  luminance 
values  similar  to  those  used  in  the  present  study.  This 
suggests  that  the  matching  task  used  in  our  study 
primarily  involved  equating  the  visibility  of  moderate 
and  higher  spatial  frequency  components  of  the  letters. 
Thus,  while  it  is  appealing  to  use  familiar,  recognition 
targets  such  as  letters  to  assess  vision,  the  spatial 
complexity  of  these  targets  can  reduce  the  precision  with 
which  we  identify  the  underlying  spatial  mechanisms. 
Perhaps  a  better  description  of  the  findings  reported 
herein  is  that  visibility  of  moderate  and  smaller-sized 
letters  is  reduced  under  the  low  light  levels  of  the 
ANVIS  display. 
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while  our  results  may  not  be  applicable  to  lower 
spatial  frequencies,  it  is  clear  that  both  threshold  and 
suprathreshold  contrast  perception  of  higher  frequencies 
is  reduced  at  the  low  luminance  of  the  ANVIS  display. 
Under  low  light  levels  such  as  starlight  conditions  it  is 
likely  that  the  contrast  of  objects  seen  through  ANVIS  is 
attenuated  (Verona,  1985;  Verona  and  Rash,  1989)  making 
contrast  perception  more  dependent  on  the  observer's 
thresholds  for  various  spatial  frequencies.  Because 
psychophysical  thresholds  for  higher  frequencies  are 
Increased  at  low  light  levels,  the  visibility  of  detail 
is  diminished  making  object  recognition  equivocal.  This 
limitation  is  imposed  by  the  visual  system  and  reflects 
minimum  light  levels  necessary  to  stimulate  cone-driven, 
higher  spatial  frequency  receptive  fields.  Otiier  factors 
at  low  levels  of  stimulation,  such  as  the  presence  of 
electro-optical  noise,  also  contribute  to  degradation  of 
vision  through  ANVIS.  Research  is  underway  to  determine 
electro-optical  and  human  constraints  on  visual 
perception  through  image  intensifying  devices. 


Conclusions 


1.  The  apparent  contrast  of  letters  viewed  under 
simulated  ANVIS  conditions  was  reduced  by  a  factor  of  two 
when  compared  to  normal  photoplc  levels  of  stinnilatlon. 

2.  This  relative  attenuation  in  suprathreshold  contrast 
perception  was  attributed  to  limitations  of  the  human 
visual  system  in  processing  higher  spatial  frecjuencies  at 
low  light  levels. 

3.  The  results  help  discriminate  between  human  and 
electro-optical  constraints  on  vision  through  ANVIS  under 
low  levels  of  ambient  stimulation. 


14 


References 


Hess,  R.F.  1990.  The  Eldridge-Green  Lecture.  Vision  at 
low  light  levels:  Role  of  spatial,  temporal  and 
contrast  filters.  Ophthalmic  and  physiological 
optics .  10:351-359. 

Kotulak,  J.C.,  and  Rash,  C.E.  1992.  Visual  acuity  with 
second  and  third  generation  night  vision  goggles 
obtained  from  a  new  method  of  night  skv  simulation 
across  a  wide  range  of  target  contrasts.  Fort 
Rucker,  AL:  U.S.  Army  Aeromedical  Research 
Laboratory.  USAARL  Report  No.  92-9. 

Kulikowski,  J.J.  1976.  Effective  contrast  constancy  and 
linearity  of  contrast  sensation.  Vision  research. 
16:1419-1431. 

Levine,  R.R.,  and  Rash,  C.E.  1989.  Attenuating  the 
output  of  the  AN/PVS-5A  night  vision  aoaales 
and  its  effects  on  visual  acuity.  Fort  Rucker,  AL: 
U.S.  Army  Aeromedical  Research  Laboratory.  USAARL 
Report  No.  89-24. 

Price,  D.R.,  and  McLeeui,  W.E.  1985.  Aeromedical  lessons 
learned  with  night  vision  devices.  In:  AGARD  CP 
Number  379,  Visual  protection  and  enhcuicement . 
8.1-8.10. 

Riegler,  J.T.,  Whiteley,  J.D.,  Task,  H.L.,  and  Schueren, 
J.  1991.  The  effect  of  signal-to-noise  ratio  on 
visual  acuity  through  night  vision  goggles.  Wright- 
Patterson  Air  Force  Base,  OH:  Armstrong 
Laboratory.  AL  Report  No.  AL-TR-9 1-0011 . 

Verona,  R.W.  1985.  Image  intensif iers :  past  and  present. 
In:  AGARD  Number  379,  Visual  protection  and 
enheuicement .  C1.1-C1.5. 

Verona,  R.W. ,  and  Rash,  C.E.  1989.  Human  factors  and 
safety  considerations  of  night  vision  systems 
flight .  Fort  Rucker,  AL:  U.S.  Army  Aeromedical 
Research  Laboratory.  USAARL  Report  No.  89-12. 

Wiley,  R.W.,  and  Holly,  F.F.  1976.  Vision  with  the 

AN/PVS-5  night  vision  goggle.  In:  AGARD  Number  191, 
Visual  aids  and  eve  protection  for  the  aviator. 
C7.l-C7.12. 


Wiley,  R.W. ,  Click,  D.D.,  and  Holly,  F.F.  1983.  AN/PVS 

night  vision  goggles:  What  you  gain,  what  you  lose. 
U.S.  Army  aviation  digest.  29;  7-11. 


15 


Wiley,  R.W.  1989.  Visual  acuity  and  stereopsls  with 
night  vision  goggles.  Fort  Rucker,  AL:  U.S.  Army 
Aeromedlcal  Research  Laboratory.  USAARL  Report  No. 
89-9. 


16 


Initial  distribution 


Commander,  U.S.  Army  Natick  Research, 
Development  and  Engineering  Center 
ATTN:  SATNC-MIL  (Documents 
Librarian) 

Natick,  MA  01760-5040 

U.S.  Army  Communications-Electronics 
Command 

ATTN:  AMSEURD-ESA-D 
Fort  Monmouth,  NJ  07703 

Commander/Director 
U.S.  Army  Combat  Surveillance 
and  Target  Acquisition  Lab 
ATTN:  DELCS-D 
Fort  Monmouth,  NJ  07703-5304 

Commander 
10th  Medical  Laboratory 
ATTN:  Audiologist 
APO  New  York  09180 

Naval  Air  Development  Center 
Technical  Information  Division 
Technical  Support  Detachment 
Warminster,  PA  18974 

Commanding  Officer,  Naval  Medical 
Research  and  Development  Command 
National  Naval  Medical  Center 
Bethcsda,  MD  20814-5044 

Deputy  Director,  Defense  Research 
and  Engineering 
ATTN:  Military  Assistant 
for  Medical  and  Life  Sciences 
Washington,  DC  20301-3080 

Commander,  U.S.  Army  Research 
Institute  of  Environmental  Medicine 
Natick,  MA  01760 


Library 

Naval  Submarine  Medical  Research  Lab 
Box  900,  Naval  Sub  Base 
Groton,  CT  06349-5900 

Director,  U.S.  Army  Human 
Engineering  Laboratory 
ATTN:  Technical  Library 
Aberdeen  Proving  Ground,  MD  21005 

Commander 

Man-Machine  Integration  System 
Code  602 

Naval  Air  Development  Center 
Warminster,  PA  18974 

Commander 

Naval  Air  Development  Center 
ATTN:  Code  602-B  (Mr.  Brindle) 
Warminster,  PA  18974 

Commanding  Officer 

Armstrong  Laboratory 

Wright-Patterson 

Air  Force  Base,  OH  45433-6573 

Director 

Army  Audiology  and  Speech  Center 
Walter  Reed  Army  Medical  Center 
Washington,  DC  20307-5001 

Commander,  U.S.  Army  Institute 
of  Dental  Research 
ATTN:  Jean  A.  Setterstrom,  Ph.  D. 
Walter  Reed  Army  Medical  Center 
Washington,  DC  20307-5300 

Naval  Air  Systems  Command 
Technical  Air  Library  950D 
Room  278,  Jefferson  Plaza  II 
Department  of  the  Navy 
Washington,  DC  20361 


17 


Commander,  U.S.  Army  Test 
and  Evaluation  Command 
ATTN:  AMSTE-AD-H 
Aberdeen  Proving  Ground,  MD  21005 

Director 

U.S.  Army  Ballistic 
Research  Laboratory 
ATTN:  DRXBR-OD-ST  Tech  Reports 
Aberdeen  Proving  Ground,  MD  21005 

Commander 

U.S.  Army  Medical  Research 
Institute  of  Chemical  Defense 
ATTN:  SGRD-UV-AO 
Aberdeen  Proving  Ground, 

MD  21010-5425 

Commander,  U.S.  Army  Medical 
Research  and  Development  Command 
ATTN:  SGRD-RMS  (Ms.  Madigan) 

Fort  Detrick,  Frederick,  MD  21702-5012 

Director 

Walter  Reed  Army  Institute  of  Research 
Washington,  DC  20307-5100 

HQ  DA  (DASG-PSP-O) 

5109  Leesburg  Pike 
Falls  Church,  VA  22041-3258 

Harry  Diamond  Laboratories 
ATTN:  Technical  Information  Branch 
2800  Powder  Mill  Road 
Adelphi,  MD  20783-1197 

U.S.  Army  Materiel  Systems 
Analysis  Agency 

ATTN:  AMXSY-PA  (Reports  Processing) 
Aberdeen  Proving  Ground 
MD  21005-5071 

U.S.  Army  Ordnance  Center 
and  School  Library 
Simpson  Hall,  Building  3071 
Aberdeen  Proving  Ground,  MD  21005 


U.S.  Army  Environmental 
Hygiene  Agency 
Building  E2100 

Aberdeen  Proving  Ground,  MD  21010 

Technical  Library  Chemical  Research 
and  Development  Center 
Aberdeen  Proving  Ground,  MD 
21010-5423 

Commander 

U.S.  Army  Medical  Research 
Institute  of  Infectious  Disease 
SGRD-UIZ-C 

Fort  Detrick,  Frederick,  MD  21702 

Director,  Biological 
Sciences  Division 
Office  of  Naval  Research 
600  North  Quincy  Street 
Arlington,  VA  22217 

Commander 

U.S.  Army  Materiel  Command 
ATTN:  AMCDE-XS 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

Commandant 
U.S.  Army  Aviation 
Logistics  School  ATTN:  ATSQ-TDN 
Fort  Eustis,  VA  23604 

Headquarters  (ATMD) 

U.S.  Army  Training 
and  Doctrine  Command 
ATTN:  ATBO-M 
Fort  Monroe,  VA  23651 

Structures  Laboratory  Library 

USARTL-AVSCOM 

NASA  Langley  Research  Center 

Mail  Stop  266 

Hampton,  VA  23665 


18 


i\aval  Aerospace  Medical 
Institute  library 
Building  1953,  Code  03L 
Pensacola,  FL  32508-5600 

Command  Surgeon 
HQ  USCENTCOM  (CCSG) 

U.S.  Central  Command 
MacDill  Air  Force  Base  FL  33608 

Air  University  Library 
(AUL/LSE) 

Maxwell  Air  Fore  Base,  AL  36112 

U.S.  Air  Force  Institute 
of  Technology  (AFIT/LDEE) 

Building  640,  Area  B 

Wright-Patterson 

Air  Force  Base,  OH  45433 

Henry  L.  Taylor 
Director,  Institute  of  Aviation 
University  of  Ulinois-Willard  Airport 
Savoy,  IL  61874 

Chief,  Nation  Guard  Bureau 
ATTN:  NGB-ARS  (COL  Urbauer) 
Room  410,  Park  Center  4 
4501  Ford  Avenue 
Alexandria,  VA  22302-1451 

Commander 

U.S.  Army  Aviation  Systems  Command 
ATTN:  SGRD-UAX-AL  (LTC  Gillette) 
4300  Goodfellow  Blvd.,  Building  105 
St.  Louis,  MO  63120 

U.S.  Army  Aviation  Systems  Command 
Library  and  Information  Center  Branch 
ATTN:  AMSAV-DIL 
4300  Goodfellow  Boulevard 
St.  Louis,  MO  63120 


Federal  Aviation  Administration 
Civil  Aeromedical  Institute 
Library  AAM-400A 
P.O.  Box  25082 
Oklahoma  City,  OK  73125 

Commander 
U.S.  Army  Academy 
of  Health  Sciences 
ATTN:  Library 
Fort  Sam  Houston,  TX  78234 

Commander 

U.S.  Army  Institute  of  Surgical  Research 
ATTN:  SGRD-USM  (Jan  Duke) 

Fort  Sam  Houston,  TX  78234-6200 

AAMRL/HEX 

Wright-Patterson 

Air  Force  Base,  OH  45433 

John  A.  Dellinger, 

Southwest  Research  Institute 

P.  0.  Box  28510 

San  Antonio,  TX  78284 

Product  Manager 

Aviation  Life  Support  Equipment 

ATTN:  AMCPM-ALSE 

4300  Goodfellow  Boulevard 

St.  Louis,  MO  63120  1798 

Commander 
U.S.  Army  Aviation 
Systems  Command 
ATTN:  AMSAV-ED 
4300  Goodfellow  Boulevard 
St.  Louis,  MO  63120 

Commanding  Officer 
Naval  Biodynamics  Laboratory 
P.O.  Box  24907 
New  Orleans,  LA  70189-0407 


19 


Assistant  Commandant 
U.S.  Army  Field  Artillery  School 
ATTN:  Morris  Swott  Technical  Library 
Fort  Sill,  OK  73503-0312 

Commander 

U.S.  Army  Health  Services  Command 

ATTN:  HSOP-SO 

Fort  Sam  Houston,  TX  78234-6000 

HQ  USAF/SGPT 

Boiling  Air  Force  Base,  DC  20332-6188 

U.S.  Army  Dugway  Proving  Ground 
Technical  Library,  Building  5330 
Dugway,  UT  &4022 

U.S.  Army  Yuma  Proving  Ground 
Technical  Library 
Yuma,  AZ  85364 

AFFTC  Technical  Library 
6510TW/TSTL 
Edwards  Air  Force  Base, 

CA  93523-5000 

Commander 
Code  3431 

Naval  Weapons  Center 
China  Lake,  CA  93555 

Aeromechanics  Laboratory 
U.S.  Army  Research  and  Technical  Labs 
Ames  Research  Center,  M/S  215-1 
Moffett  Field,  CA  94035 

Sixth  U.S.  Army 
ATTN:  SMA 

Presidio  of  San  Francisco,  CA  94129 
Commander 

U.S.  Army  Aeromedical  Center 
Fort  Rucker,  AL  36362 


U.S.  Air  Force  School 
of  Aerospace  Medicine 
Strughold  Aeromedical  Library  Technical 
Reports  Section  (TSKD) 

Brooks  Air  Force  Base,  TX  78235-5301 

Dr.  Diane  Damos 
Department  of  Human  Factors 
ISSM,  use 

Los  Angeles,  CA  90089-0021 

U.S.  Army  White  Sands 
Missile  Range 
ATTN:  STEWS-IM-ST 
White  Sands  Missile  Range,  NM  88002 

U.S.  Army  Aviation  Engineering 
Flight  Activity 

ATTN:  SAVTE-M  (Tech  Ub)  Stop  217 
Edwards  Air  Force  Base,  CA  93523-5000 

Ms.  Sandra  G.  Hart 
Ames  Research  Center 
MS  262-3 

Moffett  Field,  CA  94035 

Commander,  Letterman  Army  Institute 
of  Research 

ATTN:  Medical  Research  Library 
Presidio  of  San  Francisco,  CA  94129 

Commander 

U.S.  Army  Medical  Materiel 
Development  Activity 
Fort  Detrick,  Frederick,  MD  21702-5009 

Commander 

U.S.  Army  Aviation  Center 
Directorate  of  Combat  Developments 
Building  507 
Fort  Rucker,  AL  36362 


20 


U.  S.  Army  Research  Institute 
Aviation  R&D  Activity 
ATTN:  PERl-IR 
Fort  Rucker,  AL  36362 

Commander 

U.S.  Army  Safety  Center 
Fort  Rucker,  AL  36362 

U.S.  Army  Aircraft  Development 
Test  Activity 
ATTN;  STEBG-MP-P 
Cairns  Army  Air  Field 
Fort  Rucker,  AL  36362 

Commander  U.S.  Army  Medical  Research 
and  Development  Command 
ATTN;  SGRD-PLC  (COL  Schnakenberg) 
Fort  Detrick,  Frederick,  MD  21702 

MAJ  John  Wilson 
TRADOC  Aviation  LO 
Embassy  of  the  United  States 
APO  New  York  09777 

Netherlands  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

British  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

Italian  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

Directorate  of  Training  Development 

Building  502 

Fort  Rucker,  AL  36362 

Chief 

USAHEL/USAAVNC  Field  Office 
P.  O.  Box  716 

Fort  Rucker,  AL  36362-5349 


Commander  U.S.  Army  Aviation  Center 
and  Fort  Rucker 
ATTN;  ATZQ-CG 
Fort  Rucker,  AL  36362 

Chief 

Test  &  Evaluation  Coordinating  Board 
Cairns  Army  Air  Field 
Fort  Rucker,  AL  36362 

MAJ  Terry  Newman 
Canadian  Army  Liaison  Office 
Building  602 
Fort  Rucker,  AL  36362 

German  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

LTC  Patrice  Cottebrune 
French  Army  Liaison  Office 
USAAVNC  (Building  602) 

Fort  Rucker,  AL  36362-5021 

Australian  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

Dr.  Garrison  Rapmund 
6  Burning  Tree  Court 
Bethesda,  MD  20817 

Commandant,  Royal  Air  Force 
Institute  of  Aviation  Medicine 
Farnborough  Hampshire  GU14  6SZ  UK 

Commander 

U.S.  Army  Biomedical  Research 
and  Development  Laboratory 
ATTN:  SGRD-UBZ-I 
Fort  Detrick,  Frederick,  MD  21702 

Defense  Technical  Information 
Cameron  Station,  Building  5 
Alexandra,  VA  22304-6145 


21 


Commander,  U.S.  Army  Foreign  Science 
and  Technology  Center 
AIFRTA  (Davis) 

220  7th  Street,  NE 
Charlottesville,  VA  22901-5396 

Director, 

Applied  Technology  Laboratory 
USARTVAVSCOM 
ATTN:  Library,  Building  401 
Fort  Eustis,  VA  23604 

U.S.  Air  Force  Armament 
Development  and  Test  Center 
Eglin  Air  Force  Base,  FL  32542 

Commander,  U.S.  Army  Missile 
Command 

Redstone  Scientific  Information  Center 
ATTN;  AMSMI-RD-CS-R 
/ILL  Documents 
Redstone  Arsenal,  AL  35898 

Dr.  H.  Dix  Christensen 
Bio-Medical  Science  Building,  Room  753 
Post  Office  Box  26901 
Oklahoma  City,  OK  73190 

Director 

Army  Personnel  Research  Establishment 
Farnborough,  Hants  GU 14  6SZ  UK 

U.S.  Army  Research  and  Technology 
Laboratories  (AVSCOM) 

Propulsion  Laboratory  MS  302-2 
NASA  Lewis  Research  Center 
Cleveland,  OH  44135 

Dr.  Christine  Schlichting 
Behavioral  Sciences  Department 
Box  900,  NAVUBASE  NLON 
Groton,  CT  06349-5900 

Dr.  Eugene  S.  Channing 
7985  Schooner  Court 
Frederick,  MD  21701-3273 


LTC  Gaylord  Lindsey  (5) 

USAMRDC  Liaison  at  Academy 
of  Health  Sciences 
ATTN:  HSHA-ZAC-F 
Fort  Sam  Houston,  TX  78234 

Aviation  Medicine  Clinic 
TMC  #22,  SAAF 
Fort  Bragg,  NC  28305 

Dr.  A.  Kornfield,  President 
Biosearch  Company 
3016  Revere  Road 
Drexel  Hill,  PA  29026 

NVEOD 

AMSEL-RD-ASID 
(Attn:  Trang  Bui) 

Fort  Belvior,  VA  22060 

CA  Av  Med 
HQDAAC 
Middle  Wallop 

Stockbridge  Hants  S020  8DY  UK 

Commander  and  Director 
USAE  Waterways  Experiment  Station 
ATTN:  CEWES-IM-MI-R 
Alfrieda  S.  Clark,  CD  Dept. 

3909  Halls  Ferry  Road 
Vicksburg,  MS  39180-6199 

Mr.  Richard  Thornley 
ILS  Manager,  APACHE 
Box  84 

Westland  Helicopters  Limited 
Yeovil,  Somerset  BA202YB  UK 

Col.  Otto  Schramm  Filho 
c/o  Brazilian  Army  Commission 
Office-CEBW 

4632  Wisconsin  Avenue  NW 
Washington,  DC  20016 


22 


